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The invention provides biocompatible, corrosion-resistant 
prostheses and 

methods for producing these. A coating comprising a 
bismaleimide- triazine 

resin, a biocompatible plasticizer and optionally a 
thickener is applied to a 

prosthesis substrate and the resin is cured to provide a 
tightly adherent, 

biocompatible, corrosion-resistant coating. Radio-opaque 
materials, such as 

barium sulfate, may be included in the coating as well as 
bone ingrowth 

materials such as hydroxyapatite . 

This invention relates to biocompatible coatings for 
orthopedic implants. The 

invention coating shields the implant material from 
corrosive bodily fluids and 

prevents the gradual leaching or ionization of the implant 

substrate material 

into surrounding body tissue. 

Substrate materials such as metals and their alloys ( 
collectively referred to 

hereafter as "metals") possess the necessary strength for 
use as orthopedic 

implants. However, metals generally have a higher modulus 
of elasticity than 

bone. Consequently, when metallic implants are used in a 
load-bearing 

function, the load is not always effectively transferred t 
the bone. This 

could result in gradual bone resorption, which can have 
serious effects, 

especially in the case of young implant recipients. Over 
period of time, the 
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degree of bone resorption could result in loosening of the 
implant 

necessitating surgery to perform remedial action such as a 

replacement 

prosthesis . 

Metals are not completely inert in the body but are 
generally prone to 

corrosion by ionization in body fluids. This ionization 
can be acute when a 

metallic prosthesis articulates against an opposing 
surface. The articulating 

action repeatedly clears the surface of any passive oxide 
film that might 

develop on the surface and continually exposes fresh 
metallic surface to the 
body fluids. 

It has been suggested that metallic implants can be coated 
to improve their 

tissue compatibility by reducing or preventing ionization 
corrosion. Thus, for 

instance, U.S. Pat. No. 4,145,764 to Suzuki et al. 
recognized that while 

metal prostheses have excellent mechanical strength, they 
tend to corrode in 

the body by ionization. To solve this problem, Suzuki 
proposed a metal 

prosthesis plasma sprayed with a bonding agent which is in 
turn covered with a 

porous ceramic coating which would allow the ingrowth of 
bone spicules into the 

pores. This combination, Suzuki claimed, would provide 
both the mechanical 

strength of metals and the biocompatibility of ceramics. 

Suzuki did not, however, address the issue of dimensional, 
changes that occur 

when applying a coating or the effect of these dimensional 
changes in the 

tightness of fit between the surfaces of an articulating 
joint prosthesis. 

Further, the application of ceramic coatings to metal 
substrates often results 

in non-uniform, poorly-bonded coatings which tend to crack 
due to differences 

in thermal expansion between the ceramic and the underlying 
metal substrate . 
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Furthermore, such coatings are relatively thick (50-300 
microns) and since the 

bond between the metal and the ceramic coating is often 
weak, there is always 

the risk of galling or separation of the ceramic coating. 

U.S. Pat. No. 4,164,794 to Spector et al . relates to 
prosthetic devices 

fabricated from or coated with selected thermoplastics 
referred to as 

"bioengineering thermoplastics." The prostheses have an 
inner load bearing 

portion and an outer sintered or foamed porous coating of a 
bioengineering 

thermoplastic. The coatings are 0.5 to 10 mm thick and the 
average pore 

diameter is 90-600 microns. The function of the pores is 
apparently to allow 

ingrowth of bone spicules to stabilize the implant in the 
body, with no 

recognition that there could be any benefit in preventing 
ionization of 
substrate materials. 

Polymeric prostheses with substrates formed of 
thermoplastics such as high 

density polyethylene (HDPE) have been tried, but are not as 
biocompatible as 

originally assumed according to U.S. Pat. No. 4,356,571. 
According to this 

it has been found that over a long period of time a layer 
of connective tissue 

can form on the HDPE surface. This layer may be such as to 
cause loosening of 

the implant so that reimplantation or other remedial action 
becomes necessary. 

Further, according to the '571 patent, it has been found 
that thermoplastics 

generally are not as passive to body fluids as originally 
thought. Body fluids 

can invade the thermoplastic composition by a leaching or 
diffusion action 

resulting in a weakening of the implant. Further, the 
leaching action releases 

the implant composition into the body in small quantities, 
with unknown long 
term effects. 
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The invention provides a biocompatible, corrosion-resistant 
coating for 

application to the surface of any type of substrate 
including those formed of 

thermoplastic, metal, metal alloy, composite or ceramic 
orthopedic implants . 

The coating of the invention is biocompatible and 
corrosion-resistant and is 

formed at least in part of a thermosetting 
bismaleimide-triazine resin ("BT 
resin") and a biocompatible plasticizer. 

The corrosion-resistant orthopedic implants of the present 
invention may be 

produced by any of the conventional techniques, such as for 
example by 

machining, casting or lamination. The surface is coated 
with a thin layer of a 

composition of a BT resin and a biocompatible plasticizer. 
The coating can be 

carried out by any known method for coating implants, such 
as dipping, spraying 

and the like. The implant is then subjected to heat 
treatment to allow the 

thermosetting BT resin to cure and provide a tightly 
adherent, biocompatible, 

corrosion-resistant skin or coating over the substrate 
surface . 

The coating composition which includes triazine and a 
biocompatible 

plasticizer, may optionally include a thickening agent. 
The thickening agent 

increases the viscosity of the hot ( 80 . degree . -100 . degree . 
C . ) mixture of 

resin and plasticizer and permits the formation of a 
thicker coating on the 
substrate . 

As a further advantage, the coating can include an additive 
such as barium 

sulfate so the prostheses can be made opaque to X-rays as 
an aid to 

diagnosticians. Thus, while the typical thermoplastic 
implant is X-ray 

transparent, a coating of BT resin including such an 
additive would render the 
implant radio-opaque . 
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In accordance with the invention, corrosionresistant, 
biocompatible prostheses 

are produced by coating a conventional prosthesis formed of 
metal, metal alloy, 

composite materials, ceramics or thermoplastic materials 
with a composition 

formed at least in part of bismaleimide-triazine resin, and 
optionally a 

biocompatible plasticizer and a thickening agent and then 
at least partially 
curing the resin. 

While the invention coating may be applied to any 
orthopedic implant, typical 

load-bearing implants are shown in FIGS . 1-3. FIG. 1 shows 
a typical hip stem 

2 having a neck 4, onto which a femoral head 6 is attached. 
The hip stem shown 

is partially coated with a porous bead coating 12 and has a 
matching acetabular 

cup 10 fitted with an ultra high density polyethylene 
lining 8. FIGS. 2 and 3 

show composite hip joint stems fabricated by laminating 
together carbon fiber 

mats preimpregnated with a thermoplastic resin. These 
"prepregs" 20 may be 

aligned as shown in FIGS. 2 and 2a or as in FIGS. 3 and 3a. 

FIGS. 2a and 3a 
are cross sectional views, taken along A — A of FIGS. 2 and 

3 respectively, and 

show more clearly the parallel arrangement of the prepregs 
20. Upon machining 

the laminated composites of FIGS. 2 and 3 into shape, the 
carbon fiber at the 

edges of the prepregs become exposed. Thus, upon 
implantation, the surrounding 

body tissue will be exposed to carbon fiber unless the stem 
is covered with a 

durable biocompatible protective coating. 

The invention coatings are tightly adherent to 
thermoplastics, metals 

(including their alloys) and ceramics. It is of particular 
interest that the 

coatings are adherent to the polyaryletherketone family, 
i.e. 

polyether ether ketone, po 1 ye ther ketone, 
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polyetherketoneketone and the like. 

Thus, the invention coating may be readily used on 

composite prostheses that 

include these compositions as the thermoplastic component. 

The plasticizers useful in the present invention are those 
that are (i) 

biocompatible and (ii) compatible with BT resin and the 
substrate. These 

plasticizers include for example, citric acid esters and 
glyceryl esters. The 

useful citric acid esters include acetyltri-n-butyl 
citrate, acetyl tri ethyl 

citrate, tri-n-butyl citrate, n-butyl phthalyl-n-butyl 
glycol ate, triethyl 

citrate, acetyl tri -n-hexyl citrate, n-butyl tri-n-hexyl 
citrate, tri-n-hexyl 

trimellitate, monostearyl citrate, and the like. Such 
plasticizers are 

produced by Morflex Chemical Co. of Greensboro, N.C. 
under a variety of trade 

names. The pamphlet, "Citrate Esters as Plasticizers for 
Aqueous -Based 

Pharmaceutical Coatings," published by Morflex is hereby 
incorporated by 

reference as if fully set forth. The useful glyceryl 
esters include oligomers, 

such -as oligo (L-lactate-co-glycerate) and 
oligo (glycolate-co-glycerate) which 

are of low molecular weight and biodegradable. Since these 
glyceryl ester 

oligomers are biodegradable, they may improve stability of 
the implant by 

allowing bone ingrowth into the coated surface. Oligomers 
of this type are 

commercially available from Boehringer Ingelheim. 

The viscosity of the BT resin/plasticizer coating 
composition may become very 

low at high ( 80 . degree . -100 . degree . C.) temperature. In 
this instance, a 

biocompatible thickening agent should be incorporated into 
the composition to 

permit the formation of a suitably thick coating on the 
substrate. These 

thickening agents may be selected from sodium 
carboxymethylcellulose, methyl 

cellulose, hydroxypropyl methylcellulose, carboxymethyl 
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methylcellulose, 

hydroxyethyl methylcellulose, hydroxypropyl cellulose, 
hydroxyethyl cellulose, 

hydroxypropyl hydroxyethylcellulose, carboxymethyl 
hydroxyethyl cellulose, guar 

gum, hydroxypropyl guar, carboxymethyl hydroxypropyl guar, 
and the like. These 

cellulose derivatives are in wide use in the food industry 
and are obtainable 

from, for instance, Aqualon Company. The quantity of 
thickening agent added 

will vary depending upon the initial viscosity of the BT 
resin/plasticizer 

mixture and the final viscosity desired. Typically, about 
2 wt. % thickening 

agent is added, based upon the total weight of the coating 
composition. 

The BT resin/plasticizer coating composition can be applied 
by dipping the 

prosthesis in the hot, 8 0 . degree . -1 00 . degree . C, melt 
composition of triazine 

resin or triazine resin and plasticizer or triazine resin, 
plasticizer and 

thickening agent; spraying the prosthesis with the 
composition or any other 

convenient method. Once the prosthesis is covered with a 
film of coating 

composition, the resin may be cured by heating, for 
instance, according to the 

curing curves of FIG. 4 preferably in an oxygen-free 
atmosphere. In order to 

produce an even harder coating, the coated prosthesis may 
be heated even 

further to 230. degree. C. for about 24 hours. In general, 
BT resin can be 

heated to 1 60 . degree . -300 . degree . C. in order to crosslink 
the molecules. 

However, the plasticizer may have a lower temperature 
limit. Thus, for 

instance, if a plasticizer selected decomposes at about 
250. degree. C, it is 

advisable to cure the BT resin at a temperature lower than 
250. degree. C. to 

avoid plasticizer decomposition. It is also not advisable 
to heat the coating 

rapidly during the drying phase because BT resin monomer 
may evaporate from the 
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surface. Thus, it is preferred that a curing curve similar 
to the curves of 

FIG. 4 be followed to first allow preliminary (B-stage) 
polymerization to take 

place followed by crosslinking. Thereafter, the BT resin 
may preferably be 

heated up to about 230. degree. C. to allow further 
hardening (crosslinking) to 
take place. 

Further, in cooling the cured coating, care should be 
exercised to avoid 

cracking the coating or causing it to spall or separate 
from the substrate due 

to uneven contraction rates between substrate and coating. 
Thus, slow cooling 

to room temperature over a period of hours is preferred. 

Using an appropriate method of application, a coating of 
any desired thickness 

may be obtained. However, it is preferred that the coating 
thickness be in the 

range from about 0.025 to about 0.500 mm. To apply the 
coating, for instance, 

the substrate may be first dipped in a low viscosity 
resin/plasticizer 

composition to form a thin coating which is then dried. 
The dried, coated 

substrate may then be redipped to provide a thicker coating 
or may be redipped 

into a composition containing additives such as a 
radio-opaque component and/or 

hydroxyapatite or .beta . -tricalcium phosphate. 
Alternatively, the substrate 
may be dipped into a relatively more viscous 
resin/plasticizer/ thickening agent 

composition to obtain a thicker coating. This more viscous 
composition may 

contain additives such as bone ingrowth promoters and/or 
radio opacity 

enhancers. The BT resin and biocompatible plasticizer 
coating may be applied 

to prostheses produced by conventional process with minimal 
surface 

preparation. In the case of metallic or 
thermoplastic-based prosthesis 

substrates, it is preferred that the surface be roughened 
by, for instance, 
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rubbing with coarse sandpaper to provide a surface to which 
the resin can bond 

more readily. Further, the surfaces to be coated should be 

clean and free of 

grease or other foreign matter. 

As mentioned before, in preparing the BT resin/plasticizer 
coating solution, 

other ingredients such as barium sulfate, hydroxyapatite, 
.beta . -tricalcium 

phosphate, and the like may be added if needed for specific 
purposes. For 

example, the addition of powdered barium sulfate can 
provide a coating with 

barium sulfate dispersed throughout. A thermoplastic 
prosthesis coated with 

such a composition is radio-opaque so that a diagnostician 
can readily 

determine its location and condition in the body. It is 
also possible to 

determine mechanical failure of the prosthesis more readily 
by X-ray techniques 

rather than invasive surgery if the prosthesis is 
radio-opaque . 

A coating with a material such as hydroxyapatite or 
.beta . -tricalcium phosphate 

dispersed throughout, for example, could be used to make 
the coated prosthesis 

more conducive to tissue adherence or ingrowth depending on 
the type of 

hydroxyapatite used. A dense hydroxyapatite has a 
roughened outer surface to 

which tissue adheres easily, and which as a porous material 
accommodates 

ingrowth of surrounding tissue. 

In order to promote wetting of the substrate with the 
coating composition, an 

optional wetting 'agent may be added. Such agents are known 
in the art and 

include mineral oil and the like which are typically added 
about less than 1 

wt. % based upon the total weight of the coating 
composition. 

To apply the coatings, the resin composition was first 
heated to about 
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90. degree. C. and the stem was placed in a shallow dish. 
Hot resin was then 

poured over the stem to cover it, except for the trunnion. 
The stem was 

rotated several times to remove entrapped air and then 
removed from the dish, 

suspended from a rack by the trunnion and placed in an oven 
for curing the 

resin according to the cure cycle of FIG. 5. As the 
temperature in the oven 

increased during the initial portion of the cure cycle, the 
resin became less 

viscous, so that some of the resin dripped from the hip 
stem, until the resin 

began to gel. This procedure provided a consistent, 
uniform coating thickness 

over the surface as determined by optical microscopy. One 
base coat of pure 

triazine resin and three coats of HA/triazine resin were 
applied to the stem. 

After the application of the first HA/resin coat, visual 
inspection at 8. times. 

magnification showed a coating similar in texture to 320 
grit sandpaper with 

particles mostly uniformly distributed but with some minor 
agglomeration . 

After the second and third coatings with HA/resin, the 
coating appeared the 

same albeit with increasing particle concentration after 
each coating. 

Multiple HA/resin coatings were used only to obtain an 
acceptable coating 

thickness. However, only the final coating need be with a 
HA/ resin composition 

if an optional thickening agent were included in the base 
composition to 

provide a thicker base coat. 

Pull-off tests were conducted on a pneumatic adhesion 
tensile testing 

apparatus. Aluminum pull-stubs were bonded to flat regions 
of the coating on 

either side of the stem using Miller-Stephenson 907 2-part 
epoxy resin. The 

epoxy resin was allowed to cure in a desiccator for 48 
hours before conducting 

the pull-off test. The first aluminum pull-stub required 
1218 psi to pull it 
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from the stem, the second required 1299 psi. In both cases 
failure occurred at 

the triazine coating/metal surface interface. It is 
expected that 

pre-treatment of the metal surface, such as by roughening 
the surface, will 

further improve the bond strength of the resin to the 
surface. By way of 

comparison, previous tests of plasma sprayed HA on 
Ti-6A1-4V substrates show a 

bond strength of about 1191. +-.593 psi. The triazine/HA 
coating is therefore 

comparable in adherence to coatings produced by the plasma 
spray process . 

To perform "pull-off" tests, aluminum pull-stubs of 1/2" 
diameter were bonded 

to the triazine resin coatings with 3M Scotchweld 1838 B/A 
epoxy which cures 

completely in 24 hours to a 4000 psi tensile strength. To 
ensure good 

adhesion, the pull stub surfaces were first grit blasted 
and cleaned with 

acetone in an ultrasonic cleaner. 



The tensile pull-off tests were conducted on a pneumatic 
adhesion tensile 

testing apparatus manufactured by SEMicro of Rockville, Md. 
The test was 

conducted according to AS TM D4541, "Pull Off Strength of 
Coatings using 

Portable Adhesion Testers." The coupons were clamped in a 
fixture that prevents 

flexing of the substrate during the test and which provides 
a uniform test area 

without the need to score the coating around the pull-stub. 

The test apparatus 
is shown in FIG. 6. The coupon 100 is placed on the base 
aluminum plate 102 

with the coating 104 face upward. The pull-off stub 106 is 
attached to the 

coated face of the coupon 104 by means of an adhesive 105 
and the aluminum 

pull-off stub -06 projecting upwards through a 
pressurizable ring 108 and a 

self-aligning bearing plate 110. The coupon is securely 
clamped in place by an 

upper aluminum plate 112 equipped with a steel cut-off ring 
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114. The upper 

aluminum plate 112 is clamped tightly with bolts 120 so 
that the cut-off ring 

114 fits tightly into the coated surface 104. Gas is 
pressured into the 

pressurizable ring 108 at inlet 116, forcing gasket 118 
upwards against the 

self-aligning bearing plate 110 and causing it to exert an 
upward force in 

direction 122 on the pull-stub 106 which is screwed into 
the bearing plate as 

shown. Thus, the strength of the bond may be measured by 
measuring the 

pressure of the gas needed to pull off the pull-stub 106. 
The diameter of the 

steel cut-off ring effectively defines the area of the 
coating subject to the 
pulling force. 

(1) Cohesive failure - substrate 

For machined composite substrates, it was often difficult 
to distinguish 

between adhesive failure of the coating/substrate (C/S) 
interface and cohesive 

failure of the substrate. For the purposes of this study, 
adhesive failure at 

the C/S interface was considered to include some pull-off 
of fibers from the 

surface of the substrate. Failure was not considered to be 
cohesive in the 

substrate unless at least half of the surface ply had been 
pulled away from the 

substrate. It should also be noted that due to the 
transparent nature of thin 

coatings of triazine resin, it was also difficult to 
distinguish between 

adhesive failure at the C/S interface and cohesive failure 
of the coating. 

However, the presence of fiber pull-off on the stub was 
considered to be 

indicative of the former failure mode rather than the 
latter . 

TABLE I 



Formulation Cure Cycle ID # Thick, [in.] Strength [psi] 
Primary Failure 
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Mode 



Pure 

Triazine A 1 sit; 0.001 2028 99% Adhesive C/S 2 0.002 
2109 95% Adhesive C/S 

3 0.003 2191 99% Adhesive C/S 4 0.001 1987 90% Adhesive 
C/S 5 0.001 1946 99% 

Adhesive C/S 0.002 2052 .+-.98 Pure Triazine B 1 0.002 
1906 95% Adhesive C/S 

2 0.002 1702 99% Adhesive C/S 3 0.001 2231 99% Adhesive 
C/S 4 <0.001 2028 

60% Adhesive A/C 5 0.001 1621 85% Adhesive C/S 0.001 1898 
.+-. 246 Pure 

Triazine C 1 0.003 1906 75% Adhesive C/S 2 0.001 1906 75% 
Adhesive A/C 3 

0.002 1498 90% Adhesive A/C 4 0.004 1498 70% Adhesive C/S 
5 0.002 1824 99% 

Adhesive A/C 0.002 1718 .+-. 222 20 Wt . % TEC B 1 0.001 
1824 95% Adhesive 

C/S 2 0.001 1539 99% Adhesive C/S 3 0.001 1906 95% 
Adhesive C/S 4 0.002 1987 

95% Adhesive C/S 5 0.002 1906 60% Cohesive Substrate 
0.001 1832 .+-. 174 20 

Wt. % ATBC B 1 0.001 1987 95% Adhesive C/S 2 0.001 1906 
95% Adhesive C/S 3 

0.001 1906 99% Adhesive C/S 4 0.001 2028 95% Adhesive C/S 
5 <0.001 1376 

99% Adhesive C/S 0.001 1841 .+-. 265 20 Wt. % BTHC B 1 
0.002 1336 65% 

Adhesive C/S 2 0.003 1580 99% Adhesive C/S 3 0.004 1946 
70% Adhesive C/S 4 

0.001 2313 99% Adhesive C/S 5 0.001 1702 99% Adhesive C/S 
0.002 1775 .+-. 372 



(i) coating at least a portion of the surface of a 
prosthetic implant with a 

coating composition comprising a bismaleimide-triazine 
resin and a 

biocompatible plasticizer; and 

(a) a substrate portion comprising a thermoplastic 
composition, a thermoplastic 

composite, a metal, a metallic alloy or a ceramic 
component ; and 

(b) a coated surface portion adherent to at least a portion 
of the surface of 



09/26/2002, EAST Version: 1.03.0002 



the substrate portion, the coated surface portion 
comprising the reaction 

product of at least partially curing a composition 
comprising a 

bismaleimide-triazine resin, a biocompatible plasticizer 
and optionally a 
thickening agent. 

10. The orthopedic implant of claim 9, wherein the 
substrate portion is a 

polyaryletherketone composite comprising polyetherketone, 
polyetherketoneketone, or polyetheretherketone ♦ 

11. The orthopedic implant of claims 9 or 10, wherein the- 
coated surface 

comprises a radio-opaque composition. 

12. The orthopedic implant of claims 9 or 10, wherein the 
coated surface 

comprises hydroxyapatite, or . beta . -tricalcium phosphate. 

13. The orthopedic implant of claims 9 or 10 wherein the 
coated surface 

further comprises the radio-opaque composition barium 
sulfate . 
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